Background. Triage is one of the core requirements for the provision of effective emergency care and has been shown to reduce patient mortality. However, in low-and middle-income countries this strategy is underused, under-resourced and poorly researched. Objective. To assess the inter-and intra-rater reliability and accuracy of nurse triage ratings when using the South African Triage Scale (SATS) in an emergency department (ED) in Timergara, Pakistan. Methods. Fifteen ED nurses assigned triage ratings to a set of 42 reference vignettes (written case reports of ED patients) under classroom conditions. Inter-rater reliability was assessed by comparing these triage ratings; intra-rater reliability was assessed by asking the nurses to re-triage 10 random vignettes from the original set of 42 vignettes and comparing these duplicate ratings. Accuracy of the nurse ratings was measured against the reference standard. Results. Inter-rater reliability was substantial (intraclass correlation coefficient 0.77; 95% confidence interval (CI) 0.69 -0.85). The intrarater agreement was also high with 87% exact agreement (95% CI 67 -100) and 100% agreement allowing for a one-level discrepancy in triage ratings. Overall, the SATS had high specificity (97%) and moderate sensitivity (70%). Across all acuity levels the proportion of overtriage did not exceed the acceptable threshold of 30 -50%. Under-triage was acceptable for all except emergency cases (66%). Conclusion. ED nurses in Pakistan can reliably use the SATS to assign triage acuity ratings. While the tool is accurate for 'very urgent' and 'routine' cases, importantly, it may under-triage 'emergency' cases requiring immediate attention. Approaches that will improve accuracy and validity are discussed.
With the increase in urbanisation and violent conflicts, together with the growing burden of chronic noncommunicable diseases in many low-and middleincome countries (LMICs), there is an increased burden on emergency healthcare services. [1] In many LMICs, one of the main challenges facing emergency services is the capacity to deal with high patient loads. [2] The process of 'triage' is one way of addressing this challenge, since it optimises the allocation and use of existing resources.
Triage is the process of sorting critically ill patients who need immediate lifesaving interventions from patients who need medical attention but can safely wait to be seen. [3] Triage aims to determine a patient's 'acuity level' -i.e. how urgently they require medical attention. Triage is recognised as being one of the core requirements for the provision of effective emergency care and has been shown to reduce patient mortality. [4] However, in LMICs this strategy is underused, under-resourced and poorly researched.
The South African Triage Scale (SATS) was developed in 2004 for pre-and in-hospital emergency units throughout South Africa (SA). [5] It was specifically designed to be used by nursing assistants and as such was intended to serve as a coping measure to address medical staff shortages and limited resources -challenges that are commonplace in SA, as in other LMICs. [6] In 2011, Médecins Sans Frontières (MSF), an international medical humanitarian organisation, implemented the SATS in Timergara Hospital (TH) in the rural district of Lower Dir in the province of Khyber Pakhtunkhwa (KPK), Pakistan. MSF had been working at this hospital alongside the Pakistan Ministry of Health to improve emergency healthcare for the population. Against a backdrop of limited resources, overstretched staff and the absence of a standardised triage system, MSF implemented the SATS with good preliminary results. [7] The SATS has been assessed extensively in SA and implemented in several LMIC settings. [8, 9] However, a more formal assessment of the SATS in a LMIC setting outside sub-Saharan Africa has not yet been undertaken.
The two most common measures for assessing a triage scale are reliability and validity. Reliability is the extent to which the triage scale yields the same result on repeated assessments of the same patient. Inter-rater reliability determines whether there is variability between different staff rating the same patient, while intra-rater reliability assesses the variability for one member of staff re-triaging the same patient. Validity has been defined as indicating how closely an acuity rating assigned using the triage scale is to the true acuity of that patient. [10] However, limitations exist when trying to validate triage scales in any setting, owing to lack of a gold standard. As such, validity has been assessed using surrogate markers such as hospital admission, discharge and resource utilisation. [11] In LMICs, however, the use of these surrogate markers is difficult owing to poor record keeping, varying levels of clinical skills and limited resources. Previous studies in LMICs have instead attempted to assess the validity of a triage scale by comparing the triage ratings assigned by emergency department (ED) staff for a series of simulated cases against those obtained from an expert panel based on the panel's expert opinion. [12] For the purpose of this study, we will refer to this methodology and use a set of 42 reference vignettes as a reference standard against which accuracy is measured. [13] This study therefore aimed to determine the reliability (inter-and intra-rater) and accuracy of the adult version of the SATS when used by ED nurses in TH, Pakistan.
Methods

Study design
This was a cross-sectional study using a set of 42 reference vignettes (short, written, clinical case reports of ED patients) as a proxy for live ED cases.
Setting
TH is situated in the predominantly rural district of Lower Dir in the KPK province of Pakistan. It is the only district hospital in Lower Dir, serving an estimated population of 1.8 million. The ED has an estimated annual caseload of ~48 000 patients, comprising both adults and children. The caseload is largely made up of medical emergencies (typically respiratory infection, cardiac disease and gastrointestinal illness) and trauma (most often road traffic accidents).
SATS and its use in the TH ED
The SATS uses a physiologically based composite scoring system, the Triage Early Warning Score, together with a list of discriminators, with which to triage patients into one of five colour-coded groups according to their degree of urgency for medical attention. The colour categories are as follows: (i) red, 'emergency' (to be seen immediately); (ii) orange, 'very urgent' (to be seen within 10 min); (iii) yellow, 'urgent' (to be seen within 60 min); (iv) green, 'routine' (to be seen within 240 min, i.e. minor injuries/ illness); and (v) black, 'dead' .
The SATS was introduced in the TH ED in June 2011. All ED staff received a 1-hour structured training course, which was carried out by the expatriate ED doctor. It involved explaining patient flow in the ED together with each step of the triage algorithm and the composite physiological score where each vital sign is not seen in isolation but rather as a composite part of an early warning score. Each discriminator was explained using common local ED examples.
Using the SATS, triage was routinely undertaken by two triage nurses during each work shift. Once triaged, 'red' and 'orange' patients were seen by the MSF team (a national doctor, three nurses and an expatriate doctor) in the resuscitation room, while 'yellow' and 'green' patients were seen by the national casualty medical officers in a room adjacent to the ED. At the time of the study, 23 nurses were on the ED rota and carrying out triage.
Study population
The study included all nurses at TH who fulfilled the following inclusion criteria: (i) those who had received training in the SATS and had at least 1 month's experience performing patient triage using this tool; and (ii) those who agreed to participate in the study. As the study attempted to recruit all nurses fulfilling the above criteria, it was not necessary to calculate the required sample size.
Data collection
Under classroom conditions, nurses participating in the study were required to assign one of four priority categories to the set of 42 reference vignettes according to the SATS acuity levels of 'emergency' , 'very urgent' , 'urgent' and 'routine' . The vignettes had been collected and validated in a previous study and were based on real ED cases from a secondary hospital in SA. [13] The type and spectrum of patient presentations captured in these vignettes closely mirrored the sort of cases presenting at the TH ED. The vignettes included information on patient gender, age, presenting complaint, mode of arrival to the ED, and vital signs. Some vignettes also included information from additional investigations such as blood glucose test and haemoglobin, as done at the time of triage. For the purpose of this study, the vignettes were translated from English into Urdu, the national language of Pakistan. This was carried out by a professional translator and ratified by a local bilingual doctor to ensure the correct medical terminology.
Reliability
Inter-rater reliability was measured by comparing the different nurse triage ratings for the 42 vignettes, while intra-rater reliability was measured by asking the nurses to re-triage 10 random vignettes from the original set of 42 vignettes and comparing these duplicate ratings.
Accuracy
The accuracy of nurse triage ratings for the 42 vignettes was measured by comparing their ratings with the acuity ratings assigned to the same set of vignettes by an international expert panel. The panel of 18 experts, made up of emergency medicine physicians and emergency nurses from developing and developed countries, were chosen from countries where triage scales were already established and validated or being established and validated. They had already independently reviewed the vignettes used in the current study, and via a modified Delphi technique, obtained consensus on 'true' acuity level for each vignette. They assigned an acuity level based on their expert opinion rather than through the application of the SATS. The acuity levels that they assigned had to fall into one of four categories to mirror the SATS categories of 'emergency' , 'very urgent' , 'urgent' and 'routine' .
Data analysis
In accordance with the Guidelines for Reporting Reliability and Agreement Studies (GRRAS), inter-rater reliability was assessed using the unweighted, linearly weighted and quadratically weighted κ (QWK) statistic, as well as the intraclass correlation coefficient (ICC). [14] The QWK is commonly used when reporting on reliability studies because it takes into account the degree of disagreement. A weighted κ uses maximum weights at two opposite ends of the scale and is therefore identical to the ICC. [10] Whereas the unweighted and linear weighted κ is not commonly used in triage literature, it has been reported in this case to follow the GRRAS for easy comparisons between other studies. [14] Point estimate values for QWK and ICC were graded using the Landis and Koch classification system as follows: 0.0 -0.20 -slight agreement; 0.21 -0.40 -fair agreement; 0.41 -0.60 -moderate agreement; 0.61 -0.80 -substantial agreement; and 0.81 -1.00 -almost perfect agreement. [10] Intra-rater reliability was assessed by calculating the percentage of exact agreement and also the percentage of agreement allowing for one level of discrepancy in the triage ratings.
The accuracy of the nurse triage ratings was assessed by calculating the sensitivity, specificity, and associated over-/under-triage relative to the experts' triage ratings. Over-and under-triage were interpreted using an accepted range for average under-triage of not more than 5 -10% and an
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Ethics approval
Ethics approval was obtained from the MSF Ethics Review Board, Geneva, Switzerland, and the Human Research Ethics Committee, University of Cape Town, as well as the Pakistan Bioethics Review Board. Informed consent was obtained from all nurses participating in the study.
Results
Characteristics of the study population
Of a total of 23 nurses carrying out triage, 20 met the study inclusion criteria and were invited to participate in the study. Fifteen of these nurses agreed to participate, while five declined due to scheduling conflicts and transport issues. The convenience sample therefore represented 75% of all eligible triage nurses.
Reliability of nurse triage ratings
A total of 780 ratings were obtained for analysis, consisting of 15 nurses assigning ratings for 42 vignettes (n=630) and the same 15 nurses assigning ratings for the 10 duplicate vignettes (n=150). Table 1 summarises the different reliability measures calculated to assess inter-and intra-rater reliability. Inter-rater reliability, as measured by the ICC and QWK, was substantial. Similarly, the level of exact intra-rater agreement among the nurses in our study was almost perfect (87%; 95% confidence interval (CI) 67 -100), and there was 100% agreement when allowing for a one-level discrepancy in triage ratings. Table 2 summarises the accuracy of the nurse acuity ratings using the SATS, compared with the expert panel ratings of the vignettes. Overall, the SATS demonstrated a high level of specificity (97%) and a moderate level of sensitivity (70%). Broken down by acuity level, the SATS showed the highest sensitivity (93%) for 'very urgent' cases. However, the level of sensitivity for 'emergency' cases was exceptionally low (34%). Across all acuity levels, over-triage rates did not exceed the acceptable threshold of 30 -50%. Similarly, for 'very urgent' , 'urgent' and 'routine' cases, under-triage rates were below the acceptable threshold (5 -10%). However, for emergency cases, the rate of under-triage was exceptionally high (66%), although almost all of these mis-triaged cases were only under-triaged by one acuity level, being rated as 'very urgent' .
Accuracy of nurse triage ratings
Discussion
This is the first study to assess the reliability and accuracy of nurse triage ratings using the SATS in a resource-poor Asian setting. [7] Nurse ratings using this triage scale demonstrated good inter-and intra-rater reliability and acceptable accuracy for 'very urgent' and 'routine' cases. However, nearly two-thirds of 'emergency' cases were under-triaged as 'very urgent' , which warrants attention.
Supported by study findings from Botswana and SA, [6, 8] our study demonstrates that after minimal formal training, the SATS can be applied reliably by nursing staff in an ED in Pakistan. However, there are concerns about the accuracy of these ratings. In our study, the degree of accuracy of the nurse triage ratings using the SATS was acceptable for 'very urgent' and 'routine' cases, but not for 'urgent' and 'emergency' cases. In particular, a high proportion of emergency cases were under-triaged, which mirrors the findings from a study in SA evaluating the validity of the SATS. [13] The undertriage of 'emergency' cases may be reflected inaccurately on account of several study biases which we discuss below. Alternatively, it may be that this is really the case. If so, this could either be because nursing staff are applying the SATS inaccurately, or because the SATS is poorly constructed to accurately identify true emergency cases. We suspect Table 1 . Different measures calculated to assess inter-and intra-rater reliability of ED nurse triage ratings using the SATS at Timergara Hospital, Pakistan that staff inaccuracy is not to blame, as regular audits of the SATS in Pakistan together with the findings from a previous study have shown a high level of staff accuracy. [13] If the construct of the SATS itself is responsible for the under-triage of 'emergency' cases, this needs further investigation. The clinical implications of under-triage of 'emergency' cases in our setting are negligible as almost all of the 'under-triaged' emergency cases were rated as 'very urgent' , and in the context of TH all 'emergency' and 'very urgent' patients are seen by the same cadre of healthcare workers in the same area and within the same timeframe. Although we do not have data to substantiate this, a 10-minute delay linked to misclassification of 'emergency' to 'very urgent' cases is unlikely to have clinical implications. Nonetheless, in a setting where there are clear distinctions between the ways in which 'emergency' and 'very urgent' patients are managed, under-triage in this way needs to be avoided, as it may be associated with poorer outcomes (i.e. a higher risk of mortality, worsening morbidity and additional medical complications). This makes the case for ensuring that any assessment of the SATS is context specific.
Study limitations
A number of study limitations and various methodological issues related to assessing the validity of a triage tool have been brought to our attention by this study.
First, while there is no universally accepted time period recommended between assessments for inter-and intra-rater reliability, 2 -14 days has been suggested. [10] Owing to ED staff time constraints, we conducted the intra-rater assessments immediately after the inter-rater assessment; this may have led to a recall bias in the response ratings.
Second, although the vignettes were paper based, in the absence of non-verbal patient cues and contextual information, raters' triage decisions may have been affected. That said, a previous study comparing the use of paper-based cases with live ED patients as a way of assessing the inter-rater reliability of a triage tool showed an acceptable level of agreement between the two methods. [16] The main benefits of using paper-based vignettes over real ED cases in LMIC settings is that they provide a cost-effective, time-saving, non-invasive and culturally acceptable way of undertaking this type of study.
Third, the written vignettes were based on ED cases seen in SA, not in the TH ED in Pakistan. In the study by Twomey et al., [13] a set of vignettes ratified by a modified Delphi technique are proposed as a set of reference standard vignettes. Using these vignettes in Pakistan was deemed appropriate due to the following: (i) SA and Pakistan are both LMIC settings; (ii) the two settings have similar rates of trauma (66 trauma presentations per 1 000 patients in SA and 41/1 000 in Pakistan); [17, 18] and (iii) the reference vignettes depict similar case presentations. However, the epidemiological pattern of disease is different. In future studies like this, it would seem important to develop specific reference vignettes based on ED cases seen in the actual study setting. This would ensure the use of a better reference standard of comparison adapted to the study context. Fourth, when comparing nurse acuity ratings using the SATS to acuity ratings assigned by the expert panel, we cannot be sure whether an identified discrepancy between the two was: (i) because the nursing staff were not applying the SATS accurately; or (ii) because the SATS had poor construct validity -in other words did not measure what it purports to. As indicated earlier, we suspect that staff inaccuracy did not account for many of the observed discrepancies in this study. However, in future studies assessing the validity of a triage tool, it would be more appropriate to compare the ratings by several SATS experts (using the SATS) to the expert panel ratings (reference standard). This would help to control for the issue of staff error.
Finally, as in other studies, our reference standard was an expert panel that assigned acuity ratings to a series of paper vignettes according to their expert opinion. Almost all of these experts were based in high-income rather than LMIC settings and as such their opinion of 'true' patient acuity level may not have fully reflected the reality as in LMIC settings like Pakistan -they may have tended to over-rate patient acuity, especially at the higher end of the triage spectrum. In conjunction with this, it has been reported that nurses tend to under-rate patient acuity when using paper-based vignettes over live cases. [16] In our particular study, these two factors may have contributed to the under-triage of emergency cases that was reported.
Conclusion
Our study shows that the SATS can be used reliably by nurses in an ED in Pakistan. Our results suggest that the SATS is accurate for very urgent and routine cases but, importantly, may 'under-triage' 'emergency' cases. Although this is unlikely to influence patient outcomes in TH, there may be serious implications in other settings and it therefore merits specific investigation and correction.
